The maternal nutritional status during pregnancy and lactation influences the risk of obesity in offspring, but the details of this phenomenon are unclear. In particular, there is little information on the influence on the offspring of the maternal nutritional status during lactation only. Therefore, in this study, we examined the influence of high dietary fat intake in dams during lactation on the risk of obesity in offspring, using C57BL/6J mice. The mice were fed a control diet (CD) during pregnancy. After birth, dams were fed a CD or a high-fat diet (HD) during lactation (3 wk). Fat and energy were significantly increased in milk from dams fed a HD during lactation. Male offspring were weaned at 3 wk old and fed a CD for 4 wk, which resulted in no significant difference in their physique. Four weeks after weaning, the offspring (7 wk old) were fed a CD or HD for 4 wk to induce obesity. High dietary fat intake in dams and offspring promoted lipid accumulation in white adipose tissue and adipocyte hypertrophy in male offspring. The underlying mechanism may involve an increase in expression of Lpl and a decrease in expression of Hsl in white adipose tissue of offspring. In conclusion, our results show that high dietary fat intake during lactation promotes development of diet-induced obesity in male offspring. Key Words lactation, high-fat diet, offspring, obesity, adipocyte hypertrophy E-mail: tsudukit@m.tohoku.ac.jp Abbreviations: Acc, acetyl-CoA carboxylase; C, offspring at weaning from dams fed CD during lactation; C-CD, dams fed CD during lactation and offspring fed CD; CD, control diet; Cd36, cluster of differentiation 36; C-HD, dams fed CD during lactation and offspring fed HD; Fas, fatty acid synthase; G6p-dh, glucose-6-phosphatate dehydrogenase; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; Glut4, glucose transporter type 4; H, offspring at weaning from dams fed HD during lactation; HD, high-fat diet; H-CD, dams fed HD during lactation and offspring fed CD; H-HD, dams fed HD during lactation and offspring fed HD; Hsl, hormone sensitive lipase; Lpl, lipoprotein lipase; Me, malic enzyme; NEFA, non-esterified acid; PL, phospholipid; Pparg, peroxisome proliferator-activated receptor g; qRT-PCR, quantitative reverse transcriptase-PCR; SE, standard errors; Srebp-1c, sterol regulatory element binding protein-1c; TC, total cholesterol; TG, triacylglycerol.
The global epidemic of obesity has become a serious problem (1) because obesity induces many diseases, including type 2 diabetes, hypertension and ischemic heart disease (2) , that significantly reduce QOL (quality of life) and have a high mortality rate. This makes prevention of obesity important, and this in turn indicates a need to clarify the various causes of obesity. Obesity is caused by negative lifestyle habits such as an unbalanced diet and lack of exercise (1) , and recently it has been shown that the maternal nutritional status during pregnancy and lactation influence the risk of obesity in offspring (3, 4) . However, most studies of the effect of maternal nutritional status on offspring have not distinguished the status in pregnancy from that in lactation.
It has been assumed that the nutritional status in pregnancy is more important than that in lactation (4, 5) , and pregnancy and lactation are consecutive, but there is clearly a major difference in the internal and surrounding environment between the fetus and the infant. Organs in humans develop in the fetus and grow significantly during infancy, and the mode of nourishment differs greatly. Therefore, there is a need to examine the fetal and the infancy periods separately. Furthermore, an infant is sensitive to various nutrient stimulations that may influence the risk of future development of metabolic syndrome. An infant receives all nutrition through the mother's milk, and thus it is important to examine the effect of the maternal diet during lactation. Therefore, in this study, we assessed the effects on offspring of excessive nutrient intake in dams during lactation.
In obesity, lipids accumulate in white adipose tissue and adipocytes become hypertrophic (6) . This hypertrophy is strongly associated with the degree of fatty acid inflow from blood into adipocytes and fatty acid secretion from adipocytes into blood. Therefore, it is likely that expression of genes associated with lipid inflow and secretion are key factors in evaluation of the risk of obesity. However, there are few studies of the effect of maternal nutritional status on lipid inflow and the secretion system of adipocytes in offspring. Therefore, in this study, we examined the influence of high dietary fat intake in dams during lactation on the risk of obesity in offspring, using C57BL/6J mice. We found that high dietary fat intake in dams and offspring promoted lipid accumulation in white adipose tissue and adipo-cyte hypertrophy in offspring. These findings suggest that high dietary fat intake in a mother during lactation increases the risk of diet-induced obesity in her offspring. The findings in this study improve the understanding of the importance of maternal nutritional management during lactation.
MaterIaLs anD MetHODs

Animals and diets.
All procedures were performed in accordance with the Animal Experiment Guidelines of Tohoku University. The animal protocol was approved by the Animal Use Committee at Tohoku University. Dam C57BL/6J mice that were 14-16 d pregnant were obtained from CLEA Japan, Inc. (Tokyo, Japan). Dams were fed a commercial diet (control diet, CD) (CE-2; CLEA Japan) during pregnancy. After birth, dams were fed the CD or a high-fat diet (HD) (Quick fat; CLEA Japan) during lactation (3 wk) (Fig. 1) . The diet composition (CD or HD) is shown in Table 1 . The HD used to induce obesity was determined by reference to a previous report (7) . Mice were housed with free access to diet and distilled water in a room at constant temperature and humidity with light cycles of 12 h on and 12 h off.
The milk sample was harvested from the stomach of some offspring (n56) as described previously (8) and stored at 280˚C until performance of assays. To determine the nutritional status of the offspring during infancy, some male offspring were sacrificed at weaning, and these offspring were assigned to one of two groups: dams fed the CD during lactation (C group, n56) or dams fed the HD during lactation (H group, n56). Serum and white adipose tissue were collected and stored at 280˚C until performance of assays.
The male offspring were weaned at 3 wk old and fed the CD for 4 wk. Four weeks after weaning, the offspring (7 wk old) were fed the CD or HD for 4 wk. That is, the offspring were assigned to one of four groups: dams fed the CD during lactation and offspring fed the CD (C-CD group, n512) or HD (C-HD group, n512), and dams fed the HD during lactation and offspring fed the CD (H-CD group, n512) or HD (H-HD group, n512). At 11 wk old, mice were weighed and then killed. Brain, heart, kidney, liver, lung, spleen, epididymal white adipose tissue, mesenteric white adipose tissue, perinephric white adipose tissue, and serum were collected and stored at 280˚C until performance of assays.
Milk composition. The milk composition (fat, protein and lactose) was measured. Fat rate in milk was measured by Bligh-Dyer extraction methods (9) . Protein rate in milk was measured using the Pierce BCA Protein Assay Kit (Thermo, Waltham, MA). Lactose as sugar rate in milk was measured using Lactose Assay Kit (BioVision, Milpitas, CA).
Histological analysis of white adipose tissue and liver. To observe cells of white adipose tissue and liver, these tissues were fixed in 10% formalin and embedded in paraffin (7, 10) . Vertical sections (5 mm) were cut, mounted on a glass slide, stained with hematoxylin and eosin, and observed using a microscope (BZ-9000; Keyence, Osaka, Japan). The size of adipocytes was calculated by counting the cell number in a constant area chosen at random (ten areas for each mouse).
Biochemical analyses in serum and liver. The lipid compositions in serum and liver were measured as described previously (11, 12) . Triacylglycerol (TG) and total cholesterol (TC) levels in serum and liver, and phospholipid (PL), non-esterified acid (NEFA) and glucose levels in serum were measured using commercial enzyme kits (Wako Pure Chemical Industries, Ltd., Osaka, Japan) Fig. 1 . Study protocol. C57BL/6J mice were fed a commercial diet during pregnancy. After birth, dams were fed a control diet (CD) or a high-fat diet (HD) during lactation (3 wk). Male offspring were weaned at 3 wk old and fed the CD for 4 wk. Four weeks after weaning, the offspring (7 wk old) were fed the CD or HD for 4 wk. At 11 wk old, the mice were killed and serum and tissues were collected. Some male offspring were killed at weaning; these offspring were assigned to one of two groups: dams fed the CD during lactation (C group) or dams fed the HD during lactation (H group), and serum and white adipose tissue were collected. C-CD, dams fed CD during lactation and offspring fed CD; H-CD, dams fed HD during lactation and offspring fed CD; C-HD, dams fed CD during lactation and offspring fed HD; H-HD, dams fed HD during lactation and offspring fed HD. according to the manufacturer's protocol. Insulin and adiponectin levels in serum were determined using ELISA kits (Shibayagi, Shibukawa, Japan). PL levels in liver were determined using the method described by Rouser et al. (13) . mRNA expression analysis. For real-time quantitative reverse transcriptase PCR (qRT-PCR), total RNA was isolated from white adipose tissue using an RNeasy Lipid Tissue Mini Kit (Qiagen, Valencia, CA) (14, 15) , eluted with 30 mL RNase-free water, and stored at 280˚C until use. To quantify the expression levels of genes, the mRNA levels were determined for acetyl-CoA carboxylase (Acc), cluster of differentiation 36 (Cd36), fatty acid synthase (Fas), glucose-6-phosphatate dehydrogenase (G6pdh), glyceraldehyde-3-phosphate dehydrogenase (Gapdh), glucose transporter type 4 (Glut4), hormone sensitive lipase (Hsl), lipoprotein lipase (Lpl), malic enzyme (Me), peroxisome proliferator-activated receptor g (Pparg), and sterol regulatory element binding protein-1c (Srebp-1c) in white adipose tissue using a TP870 Thermal Cycler Dice Real Time System (Takara Bio, Otsu, Japan). In brief, cDNA was made using a Ready-ToGo T-Primed First-Strand Kit (GE Healthcare, Chalfont St. Giles, UK) from total RNA in white adipose tissue. The cDNA was subjected to PCR amplification using a SYBR Premix Ex TaqTM (Perfect Real Time) (Takara Bio) and gene-specific primers for Acc, Cd36, Fas, G6pdh, Gapdh, Glut4, Hsl, Lpl, Me, Pparg, or Srebp-1c. The primer sequences were as follows: Acc (NM_133904), forward 5′-CGCTCACCAACAGTAAGGTGG-3′ and reverse 5′-GCTTGGCAGGGAGTTCCTC-3′; Cd36 (NM_007643), forward 5′-ATGGGCTGTGATCGGAACTG-3′ and reverse 5′-GTCTTCCCAATAAGCATGTCTCC3′; Fas (NM_007988), forward 5′-CCTGGATAGCATTCCGAACCTG-3′ and reverse 5′-TTCACAGCCTGGGGTCATCTTTGC-3′; G6pdh (NM_008062), forward 5′-GAAAGCAGAGTGAGCCCT-TC-3′ and reverse 5′-CATAGGAATTACGGGCAAAGA-3′; Gapdh (NM_008084), forward 5′-CATGTTCCAGTATG-ACTCCACTC-3′ and reverse 5′-GGCCTCACCCCATTT-GATGT-3′; Glut4 (NM_009204), forward 5′-GTGAC-TGGAACACTGGTCCTA-3′ and reverse 5′-CCAGCCAC-GTTGCATTGTAG-3′; Hsl (NM_001039507), forward 5′-TTCTCCAAAGCACCTAGCCAA-3′ and reverse 5′-TGT-GGAAAACTAAGGGCTTGTTG-3′; Lpl (NM_008509), forward 5′-GGGAGTTTGGCTCCAGAGTTT-3′ and reverse 5′-TGTGTCTTCAGGGGTCCTTAG-3′; Me (M29546), forward 5′-CCTCACCACTCGTGAGGTCAT-3′ and reverse 5′-CGAAACGCCTCGAATGGT-3′; Pparg (NM_011146), forward 5′-CGAGGGCGATCTTGACAGGA-3′ and reverse 5′-GGCCACCTCTTTGCTCTGCT-3′; Srebp-1c (NM_011480), forward 5′-GGAGACATCGCAAACAAGC-3′ and reverse 5′-TGAGGTTCCAAAGCAGACTG-3′. The PCR conditions were 95˚C for 10 s, and then 95˚C for 5 s and 60˚C for 31 s over 40 cycles for each gene. Melting curve analysis was performed following each reaction to confirm the presence of only a single reaction product. The threshold cycle (Ct) represents the PCR cycle at which an increase in reporter fluorescence above a baseline signal was first detected. The ratio between the Gapdh content in standard and test samples was defined as the normalization factor.
Statistical analysis. Results are expressed as means 6standard error (SE). Data of the milk composition and the parameters of offspring at weaning were analyzed by a two-tailed unpaired Student's t-test to compare the finding between groups. A difference is considered 
05). Effect of high dietary fat intake during lactation on growth parameters of offspring
The effect of HD intake in dams during lactation on offspring was examined using the protocol shown in Fig. 1 . The weaning weight (3 wk old) was significantly increased by HD intake in dams during lactation (Table  2) . However, this difference was lost after offspring were fed the CD from 3 to 7 wk old. Final body weight in the C-HD group was significantly higher than that in the C-CD group, and this was further increased by HD intake in dams (Table 2 ). Body weight gain was significantly increased by HD intake in offspring, and body weight gain in the H-CD group was significantly lower than that in the C-CD group. The weights of total, epididymal, and perinephric white adipose tissues in the C-HD group were significantly higher than those in the C-CD group, and these weights were further increased by HD intake in dams. These results suggest that HD intake in dams during lactation promotes lipid accumulation in white adipose tissue of offspring exposed to a HD. In contrast, there was no significant difference in the weights of total, epididymal, or mesenteric white adipose tissue between the C-CD and H-CD groups. There was also no significant difference in the caloric intake. Brain weights in the C-HD and H-HD groups were significantly lower than those in the C-CD and H-CD groups. Heart, kidney and liver weights were also decreased by HD intake in dams and offspring. There were no significant differences in lung or spleen weights.
Effect of high dietary fat intake during lactation on white adipose tissue of offspring
White adipose tissue was stained with hematoxylin and eosin and observed by optical microscopy ( Fig. 2A) to examine the basis of lipid accumulation in this tissue in the H-HD group. The size of adipocytes in the C-HD group was significantly larger than that in the C-CD group, and was further enlarged by HD intake in dams. The mean area of adipocytes was also significantly larger after HD intake in dams and offspring (Fig. 2B) . Thus, HD intake in offspring increased the size of adipocytes in white adipose tissue and HD intake in dams during lactation promoted this phenomenon. These results suggest that HD intake in dams during lactation promotes development of obesity in offspring, especially in those exposed to a HD.
Effect of high dietary fat intake during lactation on mRNA expression for lipid metabolism-related genes in white adipose tissue
The expression levels of genes related to lipid metabolism in white adipose tissue of offspring were evaluated by qRT-PCR to examine the mechanism of lipid accumulation induced by HD intake in dams during lactation (Table 3 ). For two proteins (Lpl and Cd36) related to lipid uptake from blood into adipocytes, the mRNA level of Lpl, which separates fatty acids from lipoprotein, was significantly higher in the H-HD group than in other groups; and the mRNA level of Cd36, which promotes fatty acid uptake from blood into adipocytes, was significantly higher in the H-HD group than in the H-CD and C-HD groups. The mRNA level of Hsl, which promotes fatty acid secretion from adipocytes into blood, in the H-CD, C-HD and H-HD groups was significantly lower than that in the C-CD group. The mRNA levels for three proteins (Glut4, G6pdh, and Me) related to lipid and carbohydrate metabolism in adipocytes were also examined. There was no significant difference among the groups in the mRNA level of Glut4, which promotes glucose uptake from blood into adipocytes. The mRNA level of G6pdh, which promotes lipid metabolism, was significantly higher in the H-HD group than in the other groups; and the mRNA level of Me, which promotes lipid metabolism, was significantly higher in the H-HD group than in the C-CD and H-CD groups. The mRNA level of Pparg, which promotes cell proliferation and is a transcription factor for many genes related to lipid and carbohydrate metabolism, was significantly higher in the H-HD group than in the H-CD and C-HD groups.
For proteins (Acc, Fas, and Srebp-1c) related to fatty acid biosynthesis in adipocytes, the mRNA levels of Acc, which promotes fatty acid biosynthesis, in the H-CD, C-HD and H-HD groups were significantly lower than that in the C-CD group; the mRNA level of Fas, which promotes fatty acid biosynthesis, was significantly increased by HD intake in offspring; and the mRNA C-CD, dams fed control diet during lactation and offspring fed control diet; H-CD, dams fed high-fat diet during lactation and offspring fed control diet; C-HD, dams fed control diet during lactation and offspring fed high-fat diet; H-HD, dams fed highfat diet during lactation and offspring fed high-fat diet. TG, triacylglycerol; TC, total cholesterol; PL, phospholipid; NEFA, non-esterified fatty acid.
levels of Srebp-1c, which is a transcription factor for Acc and Fas, in the H-CD, C-HD and H-HD groups were significantly lower than that in the C-CD group. These results suggest that HD intake in dams during lactation promotes lipid uptake into adipocytes, promotes lipid and carbohydrate metabolism in adipocytes, and inhibits lipid secretion into blood.
Effect of high dietary fat intake during lactation on lipid and carbohydrate parameters in serum
The effects of HD intake in dams during lactation on lipid and carbohydrate parameters in serum of offspring are shown in Table 4 . The serum TG, TC and PL levels were significantly increased by HD intake in offspring. The serum glucose level in the H-HD group was significantly higher than that in the C-CD group. There were no significant differences in serum NEFA, insulin, HOMA-IR or adiponectin levels. These results suggest that HD intake in dams during lactation does not increase serum lipid levels in offspring.
Effect of high dietary fat intake during lactation on liver of offspring
Among lipid metabolism parameters, the liver TG and TC levels in the H-HD group were significantly higher than those in other groups (Table 4 ). There was no significant difference in the liver PL level. Staining of liver tissue with hematoxylin and eosin and observation by optical microscopy showed slightly increased lipid accumulation in the C-HD group and a greater increase in the H-HD group (Fig. 3) . These results suggest that HD intake in dams during lactation promotes lipid accumulation in the liver of offspring.
Effect of high dietary fat intake during lactation on offspring at weaning
To determine the nutritional status in offspring during infancy, biochemical parameters in the serum of offspring at weaning were measured. In offspring at weaning, body weight (Table 2 ) and white adipose tissue weight (C group 0.3060.03 vs. H group 0.5960.03 g/100 g body weight, p,0.01) were significantly increased by HD intake in dams. Among lipid and carbohydrate parameters in serum of offspring at weaning, TG, TC, PL and NEFA levels in the H group were significantly higher than those in the C group (Table 5) . Serum glucose and insulin levels in the H group were also significantly higher than those in the C group, but there was no significant difference in the serum adiponectin levels. These results show that high dietary fat intake during lactation caused symptoms of metabolic syndrome such as obesity, hyperlipidemia, hypercholesterolemia and hyperinsulinemia in offspring at weaning.
DIscussIOn
In this study, we examined the influence of HD intake in dams during lactation on the risk of obesity in male offspring. We found that HD intake in offspring induced lipid accumulation in white adipose tissue and that this lipid accumulation was significantly promoted by HD intake in dams during lactation. HD intake in offspring also induced adipocyte hypertrophy in white adipose tissue, and this hypertrophy was also significantly promoted by HD intake in dams during lactation. These results suggest that HD intake in dams during lactation promotes development of diet-induced obesity in offspring. Previous studies have shown that HD intake during pregnancy and lactation promotes development of obesity in offspring (3) (4) (5) . In this study, we made the new discovery that HD intake in mothers during lactation only can greatly affect a child's future health.
mRNA levels of related genes were examined to determine the cause of adipocyte hypertrophy in offspring. The expression level of Lpl, which promotes lipid accumulation (16), was higher in the H-HD group than in the other groups. This suggests that lipid uptake by adipocytes was promoted by HD intake in offspring and that this uptake was further increased by HD intake in dams during lactation. In contrast, the expression level of Hsl, which reduces lipid accumulation (17) , in the H-HD group was decreased by HD intake in dams and offspring, which suggests that fatty acid secretion from adipocytes into blood is prevented by HD intake in offspring and dams. Furthermore, the mRNA levels of G6pdh and Me, which promote lipid and carbohydrate metabolism (18, 19) , in the H-HD group were higher than those in the other groups. This suggests that lipid and carbohydrate metabolism in adipocytes was promoted by HD intake in offspring and further promoted by HD intake in dams during lactation. The increases in these mRNA levels may account for increased lipid accumulation in adipocytes. We also examined the mRNA level of Pparg, which is the master regulator of lipid and carbohydrate metabolism and controls differentiation and proliferation of adipocytes (20) (21) (22) . Pparg is strongly associated with development of obesity (20, 23) and controls the expression levels of Lpl and Hsl (17, 21) . In this study, the level of Pparg in the H-HD group was higher than that in the other groups, which indicates that increased expression of Pparg is likely to be related to adipocyte hypertrophy in offspring. There are at least two possible reasons for the increase in Pparg caused by HD intake in dams during lactation. First, HD intake increases the serum NEFA level of offspring during infancy, and fatty acids are Pparg agonists that increase the expression level of Pparg (24) . Second, HD intake increases the serum insulin level in offspring during infancy, and insulin is essential for adipocyte differentiation and development (25) and is an activator of Pparg (26) . Therefore, expression of Pparg may be promoted by increases in NEFA and insulin levels in offspring. The milk composition also influences NEFA and insulin levels in offspring and is altered by a change in maternal diet (27) . In this study, fat and energy in milk of HD-fed dams during lactation were very high compared with those in CDfed dams. This suggests that during lactation offspring received milk with high fatty acid levels and high calories, and that this resulted in high NEFA and insulin levels in these offspring.
The weaning weight of the offspring (3 wk old) was increased by HD intake in dams during lactation. This difference was lost after offspring were fed a CD from 3 to 7 wk old. However, the risk of offspring becoming obese at 11 wk old was changed by the diet of the dams. This suggests that activation of Pparg during infancy strongly influences future lipid metabolism; that is, metabolic memory during infancy influences future metabolism in offspring. Recent studies suggest that epigenetic mechanisms such as DNA methylation or histone acetylation are involved in this phenomenon. For example, it is known that DNA methylation influences the mRNA level of Pparg and that high dietary fat intake alters DNA methylation (28) . Furthermore, the maternal nutritional status during pregnancy and lactation can influence methylation of genes related to lipid metabolism in offspring (29, 30) . Therefore, these epigenetic mechanisms may underlie the results in this study. Further studies are needed to establish this hypothesis. The fatty acid biosynthesis system might also be involved in the changes in weight because the mRNA level of Fas, which promotes fatty acid biosynthesis (31), was significantly increased by HD intake in offspring. This increase may account for increased lipid accumulation in adipocytes. However, the mRNA levels of SREBP-1c, which is a transcription factor for Acc and Fas (32) , in the H-CD, C-HD and H-HD groups were significantly lower than that in the C-CD group. This result might also be affected by epigenetic mechanisms and further studies are also needed to examine this hypothesis.
White adipose tissue weight and the size of adipocytes in the H-CD group did not differ significantly from those in the C-CD group. In contrast, white adipose tissue weight and the size of adipocytes in the H-HD group were significantly higher than those in the C-HD group. This suggests that offspring with a high energy status are at risk for adipocyte hypertrophy due to alterations of metabolic factors such as Lpl and Hsl caused by HD intake in dams during lactation.
High dietary fat intake by mothers during pregnancy and lactation promote onset of non-alcoholic fatty liver disease (NAFLD) in offspring (4) (5) (6) . In this study, HD intake in offspring and dams during lactation significantly increased liver TG and TC levels, and lipid accumulation in livers of offspring was shown by histological staining. Therefore, these results show that HD intake by dams during lactation only, and not in both pregnancy and lactation, increases the risk of fatty liver in offspring. The serum TG, TC and PL levels were increased by HD intake in offspring, which suggests that the increases in serum PL levels in the C-HD and H-HD groups occurred because of the increase in serum lipoprotein that accompanies increases in serum TG and TC levels. However, these levels did not differ significantly based on the dam's diet during lactation. Thus, we found that HD intake in dams during lactation had little influence on serum lipid parameters in offspring. The serum glucose level in the H-HD group was significantly higher than that in the C-CD group, which suggests that HD intake in offspring and dams had an influence on the serum glucose level in offspring. Body weight gain in the H-CD group was significantly lower than that in the C-CD group. This may be because the nutritional status during infancy in the H-CD group was higher than that in the C-CD group. At weaning, body weight in the H-CD group was higher than that in the C-CD group, but at 11 wk of age there was no significant difference in body weight between the H-CD and C-CD groups. Therefore, there was a significant difference in body weight gain. In addition, the H-CD group during postweaning had relative caloric restriction compared to the C-CD group, even though they consumed the same calories, because the nutritional status in the H-CD group during infancy was higher than that in the C-CD group. Therefore, the body weight gain in the H-CD group was lower than that in the C-CD group. Although caloric intakes were equal in the C-HD and H-HD groups, the body weight gains were different because accumulation of dietary fat in the H-HD group was higher than that in the C-HD group. Therefore, the final body weight in the H-HD group was significantly higher and body weight gain showed a tendency to increase compared to the C-HD group (p50.13). The reason for the increase in white adipose tissue weight in the H-CD group at 11 wk of age may have been accumulation of visceral fat at weaning. The white adipose tissue weight at weaning was significantly increased by HD intake in dams, and the increased white adipose tissue weight at 11 wk of ages may have been a residual effect of this increase. There was no significant difference in the ratio of adipocytes (C-CD, 1.0060.12; H-CD, 1.0560.12; C-HD, 0.9860.08; H-HD, 0.8160.07), and therefore the significant decreases in brain, heart, kidney, and liver weight caused by HD intake in offspring might have been caused by the increase in visceral adipose tissue.
It is difficult to confirm the results of this study in humans using an approach such as an epidemiological survey because of the varied dietary intake of humans. However, in humans, excessive nutrition during pregnancy and lactation in mothers has been shown to promote the risk of metabolic syndrome in offspring (33) , without distinguishing between pregnancy and lactation. An infant is sensitive to nutrient stimulation that may influence the risk of developing metabolic syndrome, and receives all nutrition through the milk, which makes it important to determine the effects of the maternal diet during lactation only. In the current animal study, a high dietary fat intake of dams during lactation strongly promoted development of diet-induced obesity in offspring. Thus, the maternal nutritional status during lactation, as well as during pregnancy, is very important for the future health of offspring, and the results of the study improve the understanding of the importance of maternal nutritional management during lactation. We plan to perform further studies of the mechanisms underlying this phenomenon.
